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生产力，进而提高海洋吸收 CO2 的能力；但与此同时，上升流携带了富含 CO2
的深层水进入海洋上层，因此上升流区是潜在的 CO2 的源区，两者的复合作用
非常复杂，其时空变异性也相当显著。 
我们于 2004 年 8 月、2005 年 2 月、2005 年 7 月与 2006 年 6 月对受上升流
影响的台湾海峡西南海域的碳酸盐系统和海 — 气 CO2 通量进行了较为系统的
现场观测，观测涵盖夏季上升流前期（2006 年 6 月）、强盛期（2005 年 7 月）、
衰亡期（2004 年 8 月）与冬季背景场（2005 年 2 月）。Tang et al. (2004) 根据台
湾海峡 12 年（1987-1998）的遥感海表温度资料，得出 7 月东山上升流区（沿岸
上升流区）与浅滩上升流区和台湾海峡西南部的温度差平均值分别为 1.42 oC 和
1.15 oC，据此，本论文相应地以 26.5 oC 等温线为界区分上升流区（含沿岸上升
流区与浅滩上升流区）与非上升流区，三年夏季观测结果表明，研究区域中沿岸
上升流、浅滩上升流与非上升流区面积平均值各占 11%，3%和 86%。 
夏季与冬季调查期间大气 pCO2 平均值分别为 367 μatm 与 381 μatm。沿岸上







（316±43）μatm 与 330-457（380±17）μatm，但温度并非调节海表 pCO2 变化

















主要受控于三个水团，分别是粤东沿岸低盐水，其特征值为 S ~ 28.95，TA ~ 2052 
μmol/kg，DIC ~ 1651 μmol/kg；南海北部表层混合水，S ~ 33.92，TA ~ 2245 
μmol/kg，DIC ~ 1950 μmol/kg；以及南海北部深层水，S ~ 34.41，TA ~ 2305 
μmol/kg，DIC ~ 2155 μmol/kg。该结果与在南海北部陆架区的碳酸盐体系分布结
果吻合。本研究表明水团混合是海区碳酸盐系统分布的主控因子，其中以低 pCO2
为特征的南海北部表层混合水影响范围 广并在很大程度上决定着台湾海峡西
南部海 — 气 CO2 通量的大小。  
水团混合也是台湾海峡西南部海表 pCO2 变化的主控因子，对海表 pCO2 变
化的贡献从上升流区的 32.3%升至南海表层混合水控制区域的 46.5%，海水的温
度变化与生物活动对海表 pCO2 变化的影响程度各 ~25%，而海 — 气交换的影
响可忽略不计。 
海 — 气 CO2 通量估算结果表明，研究区域夏季表现为大气 CO2 的汇（-2.30 
mmol m-2 day-1）。按区域划分，夏季近岸上升流区与浅滩上升流区海 — 气 CO2
交换近乎平衡（三年平均值分别为 0.02 mmol m-2 day-1，-0.03 mmol m-2 day-1），非上
升流区则表现为大气 CO2 的强汇（三年平均值为-2.58 mmol m-2 day-1）；按上升流
周期不同阶段划分，在上升流前期与强盛期，研究海区表现为 CO2 的汇（-5.32 
mmol m-2 day-1，-2.66 mmol m-2 day-1），在衰亡期则表现为 CO2 的源（1.08 mmol m-2 
day-1）。沿岸、浅滩上升流与非上升流区海 — 气 CO2 通量对台湾海峡西南部海
域的贡献分别为 0.4%，0.1%与 99.5%。虽然上升流对本海区 CO2 吸收/释放净通
量的估算影响不大，但上升流区的存在使夏季台湾海峡西南部从大气吸收 CO2
的能力 多可降低~ 14%。本研究对上升流不同阶段的刻画，初步揭示了夏季台


















Coastal upwelling system represents one of the most complex systems in coastal 
ocean in many regards including the physical-biogeochemical coupling. On the one 
hand, nutrient-rich upwelled water may enhance the biological productivity which 
would stimulate the CO2 uptake via photosynthesis. On the other hand, upwelling may 
also bring high CO2 deep water into the upper ocean and make the upwelling region 
prone to release CO2 into the atmosphere. Our understanding of the air-sea exchanges 
in coastal upwelling systems remains limited, and it may depend upon the interplay 
between the biological consumption, the upwelled CO2 sources, and the complex 
hydrodynamics .  
We examined the dynamics of the carbonate system and sea-air CO2 exchanges in 
the southwestern Taiwan Strait (TWS), a coastal region under the impact of upwelling 
both at near shore stimulated by southwest monsoon and at the edge of the Taiwan 
Bank primarily induced by topography. Data were collected from four cruises, three 
of which were conducted in summer under upwelling favorable conditions (August 
2004 – upwelling relaxation period, July 2005 – peak upwelling period, and Jun 2006 
– prior to upwelling period) and one of which was conducted in winter (February 
2005).  
Based upon 12 years of AVHRR SST data, Tang et al. (2004) reported that the 
Sea surface temperature (SST) is 1.42 oC lower in the nearshore upwelling system, 
and 1.15 oC lower in Taiwan Bank upwelling as compared to the average condition in 
summer in the bulk part of the southwestern TWS.  Accordingly, we applied the 26.5 
oC isotherms to define the upwelling zones (including the nearshore upwelling and 
Taiwan Bank Upwelling) and non-upwelling zones. As a result of such a classification, 
the percentage of the surface area of near shore upwelling zones, Taiwan Bank 
upwelling zones and non-upwelling zones in the southwest TWS are respectively ~ 
11%, ~ 3% and ~ 86%. 
The average atmospheric pCO2 were 367 μatm and 381 μatm, respectively, in 















zones were about 176-512 (360±80, average±SD) μatm (prior to upwelling period), 
249-445 (361±35) μatm (peak upwelling period) and 316-454 (384±17) μatm 
(upwelling relaxation period). pCO2 in Taiwan Bank upwelling zones were about 
343-365 (354±7) μatm, 359-365 (362±2) μatm and 376-413 (396±8) μatm in these 
three stages of upwelling. Although the high chlorophyll a in upwelling zones in 
summer may suggest consumption of CO2 via enhanced biological activity 
temperature appeared to control the surface pCO2 variability from peak upwelling 
period to upwelling relaxation period, which resulted in the release of CO2 to the 
atmosphere from the upwelling region. The pCO2 values in corresponding stages in 
the non-upwelling zones were about 130-465 (295±65) μatm (prior to upwelling 
period), 206-446 (316±43) μatm (peak upwelling period) and 330-457 (380±17) 
μatm (upwelling relaxation period) respectively. Note that the values of surface pCO2 
in winter is about 346-436 (379±22) μatm. 
The total alkalinity (TA) and total dissolved inorganic carbon (DIC) data show 
that the carbonate system was mainly affected by three water masses in the 
southwestern TWS in summer, i.e., Yuedong coastal water with S ~ 28.95, TA ~ 2052 
μmol/kg, DIC ~ 1651 μmol/kg; Northern South China Sea (NSCS) surface mixed 
water with S ~33.92, TA ~ 2245 μmol/kg, DIC ~ 1950 μmol/kg, and NSCS deep 
water with S ~ 34.41, TA ~ 2305 μmol/kg, DIC ~ 2155 μmol/kg. These values are in 
general consistent with those in the NSCS continental shelf regions. Thus this study 
shows that the water mixing is the primary control of the carbonate system in this 
region. The extensive NSCS surface mixed water characterized by low pCO2 
generally determines the sea-air CO2 fluxes in the southwestern TWS. This NSCS 
surface mixed water also dominated the surface pCO2 variability, which accounted for  
32.3% of the pCO2 variability in the nearshore upwelling zones to 46.5% in the NSCS 
surface mixed water zones while temperature and biological activities contributed the 
rest 50% of the variation.  
The regional sea-air CO2 flux was estimated to be -2.30 mmol m-2 day-1 in summer 
suggesting the study region is overall a sink of the atmospheric CO2. In the nearshore 















zones has a flux of -0.03 mmol m-2 day-1 based on the three-year average in summer, 
while the non-upwelling zones acted as a strong CO2 sink (~ -2.58 mmol m-2 day-1). 
When the different stages of the upwelling were concerned, the study area acted as a 
CO2 sink prior to upwelling and during the upwelling peak period (-5.32 mmol m-2 
day-1 and -2.66 mmol m-2 day-1 respectively), while it became as a CO2 source in the 
upwelling relaxation period (1.08 mmol m-2 day-1). Although the contribution of 
upwelling zones to the net air-sea CO2 fluxes appeared minor in the southwestern 
TWS, the upwelling zones indeed lowered ~ 14% of the CO2 uptake in this region. 
Finally, we contend that the dynamics of the upwelling development is crucial in the 
understanding of the dynamics of the carbonate system and sea-air CO2 exchanges in 
coastal regions impacted by meso-scale upwelling processes. 
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